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Abstract 

Aims: Iron deficiency (ID) is a common condition with readily available treatment but can be 

challenging to diagnose. Traditional biomarkers of ID are acute phase reactants, which complicates 

diagnosis in patients with co-existent inflammation. This study aimed to establish optimal biomarker 

diagnostic thresholds for ID diagnosis using bone marrow (BM) iron stores as the gold standard and 

the C-reactive protein (CRP) as an inflammatory marker.  

Methods: A cross-sectional study was carried out in the haematology department of a tertiary 

academic hospital. Patients undergoing BM biopsies for any reason were recruited for inclusion. 

Retrospective case finding was used to enrich the data for cases with confirmed BM ID. Laboratory 

markers including red cell indices, reticulocyte haemoglobin and iron studies were evaluated to 

establish optimal cut-offs for ID diagnosis. A CRP of >5 mg/L was used as a marker of inflammation. 

Results: The study included 139 patients. Forty-two patients had BM ID with a median serum ferritin 

(SF) of 48.5 μg/L. 96/134 (72%) had inflammation with a CRP > 5 mg/L. A SF of < 80 μg/L had optimal 

sensitivity (69%) and specificity (94%) for ID diagnosis in the whole group (OR 23.5; CI 4.3-129). In 

patients without inflammation, a SF 80 cut-off had high sensitivity (93%) and specificity (96%). A SF < 

200 μg/L indicated ID in those with inflammation (sensitivity 78%, specificity 74%). A transferrin 

saturation of <13% in those with inflammation increased the diagnostic specificity (92%). The 

reticulocyte haemoglobin was unhelpful in diagnosing ID in this setting. 

Conclusions: In this hospital population, SF was the best parameter to diagnose ID, even in the 

presence of inflammation, albeit at a higher cut-off level. The CRP was useful to identify populations 

in whom a higher SF threshold could be used together with the transferrin saturation to accurately 

diagnose ID.  
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Abstract 
 

Iron deficiency (ID) is a common condition with readily available treatment but can be challenging to 

diagnose. Traditional biomarkers of ID are acute phase reactants, which complicates diagnosis in 

patients with co-existent inflammation. This study aimed to establish optimal biomarker diagnostic 

thresholds for ID diagnosis using bone marrow (BM) iron stores as the gold standard and the C-

reactive protein (CRP) as an inflammatory marker.  

 

A cross-sectional study was carried out in the haematology department of a tertiary academic 

hospital. Patients undergoing BM biopsies for any reason were recruited for inclusion. Retrospective 

case finding was used to enrich the data for cases with confirmed BM ID. Laboratory markers 

including red cell indices, reticulocyte haemoglobin and iron studies were evaluated to establish 

optimal cut-offs for ID diagnosis. A CRP of >5 mg/L was used as a marker of inflammation.  

 

The study included 139 patients. Forty-two patients had BM ID with a median serum ferritin (SF) of 

48.5 μg/L. 96/134 (72%) had inflammation with a CRP > 5 mg/L. A SF of < 80 μg/L had optimal 

sensitivity (69%) and specificity (94%) for ID diagnosis in the whole group (OR 23.5; CI 4.3-129). In 

patients without inflammation, a SF 80 cut-off had high sensitivity (93%) and specificity (96%). A SF < 

200 μg/L indicated ID in those with inflammation (sensitivity 78%, specificity 74%). A transferrin 

saturation of <13% in those with inflammation increased the diagnostic specificity (92%). The 

reticulocyte haemoglobin was unhelpful in diagnosing ID in this setting. 

 

In this hospital population, SF was the best parameter to diagnose ID, even in the presence of 

inflammation, albeit at a higher cut-off level. The CRP was useful to identify populations in whom a 

higher SF threshold could be used together with the transferrin saturation to accurately diagnose ID.  
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From the marrow to the blood: Optimising diagnosis of iron deficiency 

in the setting of inflammation 

1. Introduction 

Iron deficiency (ID) is a common medical condition with significant clinical sequelae. 1–4 Timely and 

accurate diagnosis of ID with or without anaemia should lead to prompt initiation of treatment, and 

appropriate investigations for the underlying cause. 3,5–8 Since both treatment and further 

investigations may be costly or have negative sequelae, accurate diagnosis is essential. 6,9 A bone 

marrow (BM) aspirate stained for iron stores, while considered the gold standard, is invasive, 

uncomfortable, costly, and labour-intensive. 3,10 Because of these limitations, the laboratory diagnosis 

of ID is typically based on peripheral blood biomarkers such as red cell indices and iron studies. 

However, interpretation of these biomarkers is frequently complicated by a co-existing inflammatory 

state which may be related to a patient’s primary pathology or comorbidities. 1,10–16  

In the absence of inflammation, the serum ferritin (SF) correlates highly with cellular ferritin and is the 

best single biomarker for ID diagnosis with a high sensitivity and specificity. 17–20 However, as a positive 

acute phase reactant, SF increases in acute and chronic inflammatory states, and certain malignancies. 

Therefore, in patients with inflammation, using SF cut-offs to diagnose ID that are based on references 

from healthy populations (15 to 30 μg/L), results in under-diagnosis. 10,19–22 One approach to 

compensate for the effect of inflammation is to use increased SF cut-offs for ID diagnosis. Current 

disease-specific SF cut-offs include <300 μg/L in cardiac failure and inflammatory bowel disease, and 

<500 μg/L in chronic kidney disease. 13,23,24 Inflammatory markers, such as the C-reactive protein (CRP), 

have been used to select patients in whom increased SF cut-offs should be used to diagnose ID. 25–27  

A second approach to improving the diagnosis of ID is to use other biomarkers in conjunction with SF. 

Red cell indices such as a reduced mean cell volume (MCV) and mean cell haemoglobin (MCH) have a 

strong correlation with ID anaemia but develop gradually and may be masked with certain 

comorbidities, medications, and co-existing haematinic deficiencies. 3,6,18,19 The reticulocyte 

haemoglobin equivalent (RET-He), available on Sysmex instruments, is useful in evaluating early ID and 

predicting and monitoring the response to iron therapy. 3,28,29 The RET-He has been evaluated to 

discriminate anaemia of inflammation from ID, but there is poor consensus regarding optimal cut-offs 

and RET-He’s role in diagnostic algorithms. 30 Similarly, reticulocyte haemoglobin content (CHr) and the 

percentage hypochromic red cells (%Hypo), available on Advia instruments, have shown benefit in 

detection of early iron deficiency, even in the presence of end-stage kidney disease. 29,30 Transferrin 

saturation (TSAT), calculated from serum iron and transferrin (Tf), is used with SF to diagnose 

concurrent ID and anaemia of inflammation, however, the recommended cut-offs for both parameters 
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vary in the literature. 3,4,17 The TSAT has limitations due to Tf being a negative acute phase response 

protein and serum iron being subject to diurnal variation and dietary intake.10,17,19,21 The serum soluble 

transferrin receptor (sTfR) is considered a more reliable biomarker for ID in the setting of inflammation. 

However, sTfR has limited availability, poor assay standardisation, and the reference intervals are 

poorly defined in specific populations, including people living with HIV. 3,31,32 Furthermore, the use of 

ratios and combinations of various biomarkers, such as sTfR/SF, sTfR/log (SF) or Tf/log (SF) are 

suggested to be more accurate than using the values alone. However, the diagnosis of ID may be 

obscured by increased SF and reduced transferrin in inflammatory states. 10,28,33   

The plethora of diagnostic approaches indicates the lack of an ideal test for ID. Although some studies 

show that using higher SF cut-offs for patients with elevated CRPs improves the diagnosis of ID, this 

has not been widely accepted in current guidelines due to several limitations in the literature. 4,26 These 

limitations include a lack of BM data, the exclusion of patients with elevated inflammatory markers 

and variations in cut-offs used for SF, TSAT and RET-He for ID diagnosis. 25–27 This study aimed to 

describe the relationship between BM ID, peripheral blood biomarkers and CRP in an effort to optimise 

the diagnosis of ID.  

2. Material and methods 

2.1 Study Design 

This was a cross-sectional, descriptive study conducted in the Division of Clinical Haematology at 

Groote Schuur Hospital, a 975-bed tertiary academic hospital in Cape Town, South Africa. The study 

was approved by the University of Cape Town Human Research Ethics Committee (HREC 302/2021) 

and conducted according to the ethical principles as contained in the Declaration of Helsinki. 

2.2 Study Population 

A prospective study design was initially employed with consecutive sampling of all adult patients (≥18 

years old) referred to Clinical Haematology for a BM biopsy who were not receiving chemotherapy, 

iron therapy or had received a recent blood transfusion. Between August 2021 and March 2022 

informed consent was obtained from all eligible patients. Patients were excluded if iron studies were 

not performed or if the BM aspirate slides were inadequate for the assessment of iron status. Due to 

the low yield of ID participants and to pragmatically increase the total number of ID patients for 

statistical analysis, retrospective case-finding was employed in a second phase. In the retrospective 

analysis, the BM data base (HREC R018/2017) was reviewed and only patients with reduced BM iron 

stores and complete iron studies between March 2022 and March 2023 were considered for inclusion. 

All patients with ID who met eligibility criteria were considered for enrolment in the study and 

informed consent was obtained prior to data capture (Figure 1).  
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Figure 1: Study design and numbers: 
† Iron stain unsuitable for grading (n=37); Incomplete data (n=10); Chemotherapy, iron therapy or recent blood transfusion 
identified on folder review (n=6) 
‡ Age < 18 years (n=1); Replete iron stores or insufficient particles for grading (n=510); Incomplete data (n=9); 
Chemotherapy, iron therapy or recent blood transfusion identified on folder review (n=5 ) 
BM – Bone marrow; ID – Iron deficiency 

 

2.3 Laboratory Tests 

All laboratory tests were performed in the National Health Laboratory Service (NHLS) clinical pathology 

laboratory in Groote Schuur Hospital, accredited by the South African National Accreditation System, 

which adheres to international quality standards (ISO 15189). CRP and iron studies were performed as 

part of routine patient care. These tests were typically performed on the day of the BM biopsy, but 

were included if collected within 5 days of the BM biopsy. 

2.3.1 Bone Marrow Assessment of Iron Status 

Bone marrow aspirate slides were stained with Perls’ Prussian blue stain and a minimum of seven 

particles were reviewed for assessment of iron stores by a qualified Haematology Pathologist. 34 The 

iron content of the particles was graded between 0-6. 34,35 Patients with grade 0 (absent) or grade 1 

(markedly reduced) BM iron stores were classified as iron deficient (Figure 2) in keeping with local 

standard operating procedures and similar  publications. 36,37 A minimum of 100 erythroblasts were 

assessed for siderotic granules with <10% sideroblasts considered reduced. 35,38 

Prospective arm: 
BM biopsy patients 

approached for enrolment: 
n = 179 

 

• Consent declined: n = 10 

• Exclusion: n = 53 † 

Retrospective arm: 
Review of additional 
BM biopsies for ID:  

n = 550 

 

• Consent declined: n = 2 

• Exclusion: n = 525 ‡ 

Patients for 
inclusion: n = 116 

 

Depleted iron stores: 
n = 42 

 

Replete iron stores: 
n = 97 

 

ID Patients for 
inclusion: n = 23 
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Figure 2: Grading of iron stains:  
(A) A normal sideroblast with a single, small siderotic granule; (B) No stainable iron visible under 50X high power – Grade 0 

(iron deficient); (C) Small particles visible under 50X high power – grade 1 (iron deficient); (D) Sparse, small particles visible 

under low power – grade 2 (iron replete); (E) Numerous small particles – grade 3 (iron replete); (F) Larger particles with a 

tendency to aggregate into clumps – Grade 4 (iron overload); (G) Dense large clumps – grade 5 (iron overload); (H) Very 

large clumps and extra-cellular iron – Grade 6 (iron overload) 
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2.3.2 Biomarkers of iron status and C-reactive protein 

All venous blood samples for chemistry tests were collected in BD vacutainer® serum separator tubes, 

with gel (SST™, BD biosciences, Franklin Lakes, New Jersey, USA). The assays were performed using the 

automated Cobas® 6000 platform (Roche Diagnostics, Basel, Switzerland). Serum iron was measured 

using the IRON2 colorimetric assay, transferrin the TRSF2 immunoturbidometric assay, SF the Elecsys 

Ferritin electro-chemiluminescence immunoassay, and CRP the CRP4 particle-enhanced 

immunoturbidimetric assay. 

2.3.3 Red cell indices and reticulocyte studies 

All venous blood FBC samples were collected on the day of the procedure in 4 mL ethylenediamine 

tetra-acetic acid (EDTA) and stored at room temperature (18-26◦c) prior to analysis. Analysis was 

performed within 6 hours of collection on the automated XN-9000 instrument (Sysmex Corporation, 

Kobe, Japan). The haemoglobin, MCV, MCH, mean corpuscular haemoglobin concentration, red cell 

distribution width (RDW), reticulocyte production index and RET-He results were obtained.  

2.3.4 Supportive patient information 

Clinical details regarding patient comorbidities, blood transfusion and medication were obtained from 

clinical files and the clinical REDCap® database. Laboratory results were extracted from the NHLS 

laboratory information system (LIS). The CD4 (Beckman Coulter Aquios CL) and HIV viral load (Roche 

COBAS AmpliPrep/TaqMan HIV-1 Test) were extracted for all patients with HIV. When relevant, the 

histological diagnosis in the database was confirmed by reviewing the report.  

2.4 Data analysis: 
Sample size was determined using BM ID as the primary outcome and SF as the primary predictor 

variable. Using a standard effect size of 0.58, a two-sided α of 0.05 and 80% power the required sample 

size of 96 was calculated. Data were analysed using STATA version 18.0 (Stata Corporation, College 

Station, Texas, USA). Categorical data were described using percentages and frequencies. Numerical 

data were described by medians and interquartile ranges, as data were non-parametrically distributed 

as determined by evaluation of histograms. Pearson’s Chi-square or Fisher’s exact tests were used to 

compare categorical data by BM iron status. Numerical data were compared using the Mann-Whitney 

U or Kruskal-Wallis tests. 

Receiver operating characteristics (ROC) curve analysis was performed to assess the diagnostic 

accuracy of peripheral blood markers and indices for predicting BM iron status and to determine the 

optimal cut-off of each variable for distinguishing ID. The sensitivity and specificity information at each 

cut-off was interrogated manually and Youden’s index was calculated to identify the optimal cut-off for 

each diagnostic test. Subgroup analysis was performed to assess differences between the male and 
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female study patients and those with and without inflammation as defined by CRP >5mg/L or ≤5mg/L, 

respectively. 39  

Univariable logistic regression was performed to identify parameters predictive of BM ID in the total 

population. A multivariable logistic regression analysis was subsequently conducted to evaluate the 

parameters as categorical variables using diagnostic cut-offs established based on the analysis of ROC-

curves. This analysis was performed in the total population and the subgroup of those with 

inflammation as there were too few patients without inflammation for subgroup analysis. A combined 

proposed algorithm was produced using the variables predictive of BM ID on multivariable analysis. 

Sensitivity and specificity for this algorithm were calculated manually. 

3.  Results 

In the first phase of the study, 116 patients were included; 97 iron replete and 19 with ID. Fifty-three 

did not meet inclusion criteria. In view of the small initial number of BM ID cases, a further 550 BM 

biopsies were reviewed retrospectively to enrich the study for ID. Of these, 525 were excluded and a 

further 23 patients with ID identified. After all exclusions, 139 patients were included for final analysis 

including 42 with ID (Figure 1).  

The study population showed a high prevalence of anaemia (71%; n=99) irrespective of BM iron status, 

with low median haemoglobins in both the ID group and the iron replete group (table 1). The primary 

diagnosis was a malignancy in 81% (n=113), most commonly haematological, and 27% (n=35/129) 

were people living with HIV. Tuberculosis was a confirmed comorbidity in 5 patients, 3 of whom had 

HIV, but there were no cases of BM infiltration by tuberculosis. One hundred and thirty-four patients 

had CRP data of whom 72% (n=96/134) had a CRP >5mg/L indicating inflammation, which was 

associated with replete BM iron stores (p=0.029).  
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Table 1. Study population baseline characteristics stratified according to bone marrow iron stores. 

Variables  
Total study population  

n = 139 

Bone Marrow Iron Stores  

Deficient† Replete P-value 

n=42 (%) n=97 (%)  
Age (years) Median (IQR) 54.5 (39.0-66.0) 50.6 (38.7-59.8) 0.265 

Sex‡ Male 17 (40.5) 50 (51.6) 0.230 
  Female 25 (59.5) 47 (48.5)  
Diagnosis Malignancy§ 34 (81.0) 79 (81.4)  

 Non-malignant 1 (2.4) 11 (11.3) 0.070 

 Normal/non-diagnostic 7 (16.7) 7 (7.2)  
HIV status    (n= 129) Positive 7/38 (18.4) 28/91 (30.8) 0.150 

CRP               (n = 134) Median (IQR) 9.0 (2.0-31.0) 24.0 (6.0-74.0) 0.029 
 > 5mg/L (n=96) 23/37 (62.2) 73/97 (75.3) 0.133 

Anaemia        Male (Hb < 13 g/dL) 12/17 (70.6) 35/50 (70.0) 0.963 

                        Female (Hb < 12 g/dL) 19/25 (76.0) 33/47 (70.2) 0.602 

Haemoglobin Median (IQR) 9.7 (8.3-12.2) 10.8 (7.9-12.7) 0.947 

 Iron studies      
 - SF Median (IQR) 48.5 (26-136) 413 (169-1072) <0.001 

 <30 μg/L 15 (35.7) 0 (0) <0.001 

 30 – 100 μg/L 14 (33.3) 12 (12.4)  

 101 – 300 μg/L 10 (23.8) 28 (28.9)  
  >300 μg/L 3 (7.1) 57 (58.8)  

 - TSAT Median (IQR) 10 (7-15) 21 (13-27) <0.001 

 <16% 32 (76.2) 33 (34.0) <0.001 

 <20% 34 (81.0) 44 (45.4) <0.001 

 - SF and TSAT  30 – 100 & <16%   (n=15) 10 (23.8) 5 (5.2) 0.002 
 30 – 100 & <20%   (n=17) 12 (28.6) 5 (5.2) <0.001 
 101 – 300 & <16% (n=18) 5 (11.9) 13 (13.4) 0.809 
 101 – 300 & <20% (n=22) 5 (11.9) 17 (17.5) 0.404 

 - Tf/Log (SF) >1.70 19 (45.2) 97 (100) <0.001 

MCV Median (IQR) 82.3 (73.9-92.6) 89.5 (84.9-95.2) <0.001 
 ≤80 fL 17 (40.5) 12 (12.4) <0.001 

MCH Median (IQR) 26.3 (22.5-30.0) 29.2 (26.4-30.7) 0.001 
 ≤27 pg 23 (54.8) 27 (27.9) 0.002 

RET-He Median (IQR) 28.9 (23.9-31.2) 32.3 (28.7-34.6) <0.001 
 <26 pg 16 (38.1) 11 (11.3) <0.001 
 26 – 31.5 pg 16 (38.1) 31 (32.0)  
  >31.5 pg 10 (23.8) 55 (56.7)  

BM sideroblasts <10 % 40 (95.2) 75 (77.3) 0.030 

 10 – 40 % 2 (4.8) 15 (15.5)  
  >40 % 0 (0) 7 (7.2)   
† Iron deficiency defined as BM iron stores grade 0 or 1. Case selection for iron deficient patients means prevalence cannot 
be inferred from this table. 
‡ Biological sex  
§ Diagnoses: lymphoma (n=56), plasma cell dyscrasia (n=28), myeloproliferative neoplasms (n=14), acute leukaemia (n=9), 
myelodysplastic neoplasms (n=3), chronic lymphocytic leukaemia (n=2), and non-haematological malignancy (n=1) 
IQR – Interquartile range; HIV – Human immunodeficiency virus; SF – Serum ferritin; TSAT – Transferrin saturation; Tf – 
Transferrin; MCV – Mean cell volume; MCH – Mean cell haemoglobin; RET-He – Reticulocyte haemoglobin equivalent 
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Table 2. Optimal biomarker cut-offs for the diagnosis of bone marrow iron deficiency using CRP >5 

mg/L as a marker of inflammation. 

Parameter 
Optimal 
cut-off 

Sensitivity 
at cut-off  

Specificity 
at cut-off  

AUCROC 95% CI 

SF Total† 
With 
ID‡ 

(μg/L)  (%)  (%)    

Total        

Both sexes§ 134 37 80 69 94 0.88 0.82-0.95 

Male 65 15 77 71 100 0.92 0.85-0.99 

Female 69 22 57 64 94 0.85 0.75-0.95 

CRP ≤5 mg/L        

Both sexes 38 14 74 93 96 0.97 0.92-1.00 

Male 20 7 77 100 100 1.00 1.0-1.00 

Female 18 7 68 86 91 0.94 0.82-1.00 

CRP >5 mg/L        

Both sexes 96 23 193 78 75 0.84 0.74-0.94 

Male 45 8 373 100 68 0.88 0.77-1.00 

Female 51 15 146 80 75 0.80 0.83-1.00 

TSAT  (%)          

Total 134 37 13.5 71 74 0.77 0.68-0.86 

CRP ≤5 mg/L 38 14 14.0 86 92 0.89 0.76-1.00 

CRP >5 mg/L 96 23 12.5 61 79 0.72 0.59-0.85 

Tf/Log (SF)           

Total 134 37 1.40 62 94 0.83 0.75-0.91 

CRP ≤5 mg/L 38 14 1.38 93 96 0.95 0.86-1.00 

CRP >5 mg/L 96 23 0.86 78 68 0.77 0.65-0.89 

RET-He (pg)          

Total 134 37 31.4 76 58 0.70 0.60-0.80 

CRP ≤ 5 mg/L 38 14 32.6 86 71 0.82 0.68-0.96 

CRP > 5 mg/L 96 23 32.0 83 49 0.67 0.54-0.81 
† Includes 134 patients with available CRPs including 37 of whom had ID 
‡ Iron deficiency defined as BM iron stores grade 0 or 1 
§ Biological sex  
SF – Serum ferritin; TSAT – Transferrin saturation; Tf/log (SF) – Transferrin/Log(ferritin); RET-He – Reticulocyte haemoglobin 
equivalent; AUCROC – Area under the receiver operator characteristic curve; CI – Confidence interval  

 

All patients with SF < 30 μg/L had BM ID, but this cut-off identified only 36% (n=15) of patients with 

ID. Many patients with ID had SF between 30 and 300 μg/L (Table 1). SF was the single best parameter 

for the diagnosis of ID with an area under the ROC curve (AUCROC) of >0.80 in all analyses (Table 2). An 

optimal SF cut-off of <80 μg/L for ID diagnosis was identified in the total group with sensitivity of 69% 

and specificity of 94% (Figure 3). Multivariable analysis confirmed the correlation of SF <80 μg/L with 

BM ID (Adjusted OR 23.5; 95% CI 4.3 – 129) (Table 3). Subgroup analysis of patients without 

inflammation identified a cut-off of 75 μg/L (n=38) with excellent sensitivity (93%) and specificity (96%) 

and a negative predictive value (96%) which is maintained at a SF cut-off of <80 μg/L (supplementary 

Table 2). In patients with inflammation a SF cut-off of <193 μg/L (n=96) maintained good sensitivity 

and specificity for ID (78% and 75%, respectively). A marginally higher SF cut-off of 200 μg /L had 
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essentially unchanged sensitivity (78%) and specificity (74%). Moreover, in patients with inflammation, 

a SF <193 μg/L was confirmed as a predictor of ID by multivariable analysis (Adjusted OR 10.5; CI 3.2 – 

35).  

Figure 3: ROC curve analysis showing the performance of serum ferritin in predicting bone marrow iron 

deficiency.  
(A) Biomarker performance in patients with CRP >5 mg/L; (B) Biomarker performance in patients with CRP ≤5 mg/L. 
ROC – Receiver operating characteristic; TSAT – Transferrin saturation; MCV - Mean cellular volume; RET-He – Reticulocyte 
haemoglobin equivalent; AUC – Area under the curve 

 

A 

B 
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ROC-curve analysis of patients with anaemia identified a SF cut-off of 199 μg/L (n=99) with sensitivity 

(81%) and specificity (84%) for the diagnosis of ID. In patients without anaemia 11 had ID and the 

diagnostic SF cut-off was 66 μg/L (n=40) with sensitivity (91%) and specificity (90%). However, Hb was 

included in the multivariable analysis and was not shown to be predictive of ID. 

The median TSAT was 10% in patients with ID compared to 21% in those with iron replete stores 

(p<0.001). However, 45% (n=44) of patients with replete iron stores had TSAT <20%. Combining a SF of 

30-100 μg/L with TSAT <20% was predictive of ID (p<0.001), identifying 12 of 14 patients with ID. No 

significant relationship could be demonstrated in patients with SF of 101-300 μg/L and TSAT <20% 

(p=0.4). The TSAT was confirmed to be a useful parameter for the diagnosis of ID in both the total 

population and subgroup analysis by CRP (all AUCROCs >0.7). The TSAT, when used as a categorical 

variable independent of SF, was shown to be predictive of ID by multivariable analysis in the total group 

and elevated CRP sub-group using cut-offs of <14% (Adjusted OR 3.8; 95% CI 1.1-12.8) and <13%, 

respectively (Adjusted OR 5.7; 95% CI 3.2-35.0). The TF/log SF ratio performed better than TSAT in all 

analyses, but with lower AUCROCs than SF and was excluded in multivariable analysis due to being highly 

correlated with SF.  

Using SF <80 μg/L in those without inflammation and SF <200 μg/L and TSAT <13% in those with 

inflammation correctly classified 88% of all patients with high sensitivity (79%) and specificity (92%) 

Table 3: Adjusted odds ratios for parameters predicting iron deficiency by multivariable logistic 

regression.  

Population  Total With ID Adjusted OR 95% CI P-value 

Total cohort  134 37       

Ferritin ≤80 μg/L     23.5 4.3 – 129.0 <0.001 

TSAT <14 %    3.8 1.1 – 12.8 0.033 

CRP > 5 mg/L†  96 23       

Ferritin ≤193 μg/L    10.5 1.8 -18.1 0.003 

TSAT <13%      5.7 3.2 – 35.0 <0.001 
†Note that multivariable analysis could not be performed in patients with CRP ≤ 5 mg/L due to low numbers 
TSAT – Transferrin saturation; CRP – C-reactive protein; OR – Odds ratio; CI – confidence interval 

 

4. Discussion 
This study, performed in a tertiary academic hospital, in an HIV-endemic region aimed to describe the 

relationship between deficient BM iron stores, peripheral blood biomarkers and CRP in an effort to 

optimise the diagnosis of ID. The study established new cut offs for the diagnosis of ID in patients with 

and without inflammation, indicated by a CRP >5 mg/L.  Secondly, the TSAT was shown to be a valuable 

additional biomarker to improve specificity and the positive predictive value for ID diagnosis.  
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The SF was the best single biomarker for the diagnosis of BM ID despite the high rate of inflammation 

(71%) in our study population. The SF had a high AUCROCs on ROC-curve analysis, with a SF cut-off of 

80 μg/L selected in the whole group regardless of inflammation. This SF cut-off is significantly higher 

than current SF laboratory thresholds used for ID diagnosis and interestingly had lower sensitivity 

(69%) than specificity (94%). Even in the absence of laboratory evidence of inflammation, the 

traditional SF cut-off of <15 μg/L, or even 30 μg/L, proposed by the World Health Organisation and 

other authors would have incorrectly classified many study patients with ID as being iron replete. 

7,19,26,27,40 This would lead to missed diagnosis, undertreatment and/or unnecessary further 

investigation for causes of anaemia other than ID. A recent South African study of 57 HIV positive 

patients supports the use of a higher SF cut-off for ID diagnosis because 92% (n=12/13) of patients 

with BM ID had normal (>30 μg/L) or elevated SF levels. 36 Our evidence for a higher SF cut-off to 

diagnose ID in patients with inflammation or infection is similar to recommendations made by the 

World Health Organisation who recommend a SF <70 μg/L. 27 Similarly, a SF <100 μg/L for the diagnosis 

of ID in patients with chronic inflammation has been proposed by Cacoub, et al. 41 

In our study, a SF <80 μg/L in patients without inflammation had a high negative predictive value (96%) 

for ID. Therefore, a patient with a SF ≥80 μg/L can be regarded as iron replete with a high degree of 

confidence. In contrast, an elevated CRP >5 mg/L identified a subgroup in whom a higher SF cut-off of 

200 μg/L should be used for ID diagnosis. This cut-off was slightly higher than the 193 μg/L selected 

by Youden’s index and was chosen pragmatically for clinical ease of use and to favour slightly increased 

test sensitivity. 19 The cut-off of 200 μg/L is significantly higher than those previously suggested for ID 

diagnosis in patients with inflammation, but similar to those used in cardiac failure and inflammatory 

bowel disease. 7,23,24,42  

The high rate of inflammation in our study is expected given the high prevalence of malignancy (81%; 

n=113) and comorbidities, such as HIV infection (27%; n=35/129). 1,10–16 With the use of the 200 SF cut-

off, many of these patients with inflammation could be diagnosed with ID. The identification and 

treatment of ID in these patients could lead to a significant improvement in their quality of life. 

Additionally, it allows for the exclusion of potentially significant and serious underlying causes of ID. 3 

Furthermore, there are cost saving implications as patients with SF <80 μg/L would require no further 

testing to confirm the diagnosis. The similarity of the diagnostic SF cut-offs determined in sub-group 

analysis of patients with inflammation and of patients with anaemia is thought to be due to the 

correlation between anaemia and inflammation in our study population. This is an interesting finding 

that warrants further investigation in a study with a larger cohort of non-anaemic patients. 
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The Tf/log (SF) ratio, despite having excellent AUCROC did not offer any significant benefit to diagnosing 

ID in our study population. This is likely due to the outstanding performance of SF, therefore the 

addition of Tf to SF in this ratio weakened, rather than strengthened, its ability to predict ID. Transferrin 

saturation in contrast had slightly lower AUCROCs, but was identified by multivariable analysis as a good 

independent marker of ID using a cut-off of <14% (Adjusted OR 3.8; 95% CI 1.1 -12.8) in all patients 

and <13% (Adjusted OR 5.7; 95% CI 1.8 – 18.1) in those with inflammation. If the diagnosis of ID is 

based on either reduced TSAT or reduced SF there is a marked increase in test sensitivity, but with a 

loss of specificity that is not emphasised by those proposing this approach. 41,43 The use of both a 

reduced TSAT and a reduced SF, on the other hand, results in a loss of sensitivity but excellent test 

specificity. An in-depth understanding of this trade-off between test sensitivity and specificity is useful 

in planning low-cost diagnostic strategies. Based on our findings it is proposed that in a hospital setting 

with a high prevalence of inflammation SF, CRP and TSAT should be used in combination to diagnose 

ID as shown in figure 4. In our population, this combination improved the sensitivity from 69%, using 

SF <80 μg/L alone, to 79% without significantly worsening specificity (94% vs 92%).  

Figure 4. A proposed algorithm for the diagnosis of iron deficiency using CRP to stratify for 

inflammation. 
CRP - C-reactive protein; TSAT - Transferrin saturation; ID - Iron deficiency 

Lastly, red cell indices, MCV and MCH, were poorly predictive of ID at standard cut-offs identifying only 

41% (n=17) and 55% (n=23) of patients with ID, respectively. ROC curve analysis confirmed cut-offs in 

keeping with the literature and common practice, but AUCROCs in the total group and in those with 

elevated CRP were poor. This supports the understanding that microcytosis and hypochromasia are 

less prominent in patients with coexistent ID and inflammation, and may be masked by comorbidities 

such as HIV, and drug therapies. 15,42 The reticulocyte parameter RET-He was associated with ID, but 
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the cut-offs identified for the diagnosis of ID by ROC-curve analysis are higher than values seen in some 

other studies. A RET-He <31 pg in the total group and 32 pg in those with elevated CRP had acceptable 

sensitivity (76% and 83%, respectively), but poor specificity (58% and 49%, respectively). 44,45 

Interestingly the best AUCROC for RET-He was seen in patients without an elevated CRP, with a cut-off 

of < 32.6 pg (AUCROC 0.82), and a poor AUCROC (<0.7) was seen in patients with an elevated CRP. 42,43 

Therefore, in contrast to findings from other studies, our data did not show any added value of RET-He 

in identifying patients with ID in those with indeterminate SF results or concurrent inflammation, in 

this population. 7,46,47 The use of RET-He in conjunction with the Tf/log (SF) as suggested by de Leur et 

al. in the alternative Thomas-plot had perfect specificity, but poor sensitivity limiting its use as a 

screening tool. 28 It is noted, however, that our study assessed the diagnosis of ID by deficient BM iron 

stores, not the role of RET-He in the management of ID.  29  

This single-centre study assessed patients referred to a tertiary haematology service in an HIV-

endemic setting which may limit generalisability to other hospitalised patient populations. In 

addition, the high prevalence of certain conditions, such as lymphoma and myeloma, may have 

introduced bias. The use of CRP allows an objective assessment of inflammation, but the use of other 

markers such as the a1-acid glycoprotein or a panel of inflammatory biomarkers are under 

investigation and may provide a more comprehensive insight into the levels of inflammation.22 Lastly, 

retrospective case-finding of ID cases, weakened the study design. The use of adequate BM samples 

as the diagnostic standard with a biomarker of inflammation gives the study strength and provides 

significant insight into the diagnosis of ID. Larger prospective studies which include BM iron studies 

and multiple biomarkers of inflammation are required to validate this diagnostic approach and the 

proposed cut-offs. These studies would ideally be performed in a population with a lower burden of 

HIV and malignancy to be more broadly applicable. 

Conclusion  

In this hospital-based haematology study population including a high proportion of patients with 

haematological malignancies, in an HIV-endemic region, the diagnostic gold-standard of BM iron stores 

was used to define ID. Serum ferritin levels and other laboratory biomarkers together with CRP were 

used to establish biomarker diagnostic thresholds. A serum ferritin of <80 μg/L reliably diagnosed ID 

in the absence of inflammation. In those with inflammation, ID could be diagnosed with high sensitivity 

(78%) and specificity (92%) if SF 80 – 200 μg/L was combined with TSAT of <13%.  
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Appendices 

Appendix 1: Supplementary tables 

Supplementary Table 1: Univariable logistic regression for parameters predicting iron deficiency by 

multivariable logistic regression 

Variables for analysis   (n=139) OR 95% CI P-value 

Age (Continuous variable) 1,01 0.99-1.04 0,292 

Sex‡ (Female) 1,56 0.75-3.26 0,232 

HIV status (Positive)             (n=129) 0,51 0.20-1.29 0,155 

CRP                                          (n=134)    

   Continuous variable 0,99 0.99-1.00 0,119 

   ≤5 mg/L          1,85 0.82-4.16 0,136 

   <10  mg/L 2,05 0.95-4.42 0,068 

Transferrin saturation     

   Continuous variable 0,91 0.87-0.96 <0.001 

   <14% 7,2 3.20-16.18 <0.001 

   <20% 5,12 2.15-12.19 <0.001 

Ferritin    

   Continuous variable 0,99 0.99-1.00 <0.001 

   <80.5 μg/L 33,8 11.80-97.05 <0.001 

   <100 μg/L 15,8 6.49-38.50 <0.001 

Haemoglobin (continuous)    

   Continuous variable 1,01 0.89-1.14 0,890 

   8.0-10.0 g/dL 4,11 1.38-12.23 0,011 

   >10 g/dL 1,33 0.50-3.56 0,566 

MCV     

   Continuous variable 0,93 0.89-0.97 <0.001 

   ≤75 fL 8,25 2.71-25.09 <0.001 

   ≤83.6 fL 5,7 2.55-12.70 <0.001 

MCH     

   Continuous variable 0,84 0.76-0.93 0,001 

   ≤24 pg 6,18 2.37-16.14 <0.001 

   ≤27.9 pg 3,49 1.64-7.45 0,001 

RET-He     

   Continuous variable 0,86 0.79-0.93 <0.001 

   ≤31 pg 4,37 1.93-9.89 <0.001 

   ≤26 pg 4,81 1.99-11.65 <0.001 

Sideroblasts     

   Continuous variable 0,9 0.82-0.99 0,033 

   <20% 6,35 0.80-50.18 0,080 
† Iron deficiency defined as BM iron stores grade 0 or 1. Case selection for iron deficient patients means prevalence cannot 
be inferred from this table  

‡ Biological sex 
HIV – Human immunodeficiency virus; CRP – C-reactive protein; MCV – Mean cell volume; MCH – Mean cell haemoglobin; 

RET-He – Reticulocyte haemoglobin equivalent 
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Supplementary Table 2. Positive and negative predictive values at optimal biomarker cut-offs for the 

diagnosis of bone marrow iron deficiency 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

† Includes 134 patients with available CRPs including 37 of whom had ID 
‡ Iron deficiency defined as BM iron stores grade 0 or 1 
§ Biological sex  
PPV – Positive predictive value; NPV – Negative predictive value; SF – Serum ferritin; TSAT – Transferrin saturation; Tf/log 
(SF) – Transferrin/Log(ferritin); RET-He – Reticulocyte haemoglobin equivalent; AUCROC – Area under the receiver operator 
characteristic curve; CI – Confidence interval 

Parameter 
Optimal 
cut-off 

PPV at 
cut-off  

NPV at 
cut-off  

SF Total† 
With 
ID‡ 

(μg/L)  (%)  (%) 

Total      

Both sexes§ 134 37 80 81 89 

Male 65 15 77 100 92 

Female 69 22 57 83 85 

CRP ≤5 mg/L      

Both sexes 38 14 74 93 96 

Male 20 7 77 100 100 

Female 18 7 68 86 91 

CRP >5 mg/L    
  

Both sexes 96 23 193 50 92 

Male 45 8 373 40 100 

Female 51 15 146 57 90 

TSAT  (%)    
 

Total 134 37 13.5 51 87 

CRP ≤5 mg/L 38 14 14.0 86 92 

CRP >5 mg/L 96 23 12.5 48 87 

Tf/Log (SF)       

Total 134 37 1.40 80 87 

CRP ≤5 mg/L 38 14 1.38 93 96 

CRP >5 mg/L 96 23 0.86 43 91 

RET-He (pg)      

Total 134 37 31.4 41 86 

CRP ≤ 5 mg/L 38 14 32.6 63 90 

CRP > 5 mg/L 96 23 32.0 34 90 
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Appendix 2: REDCap® data capture instrument 
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Appendix 3: Ethics approval letter from the Faculty Research Ethics Committee  
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Appendix 4: Research approval letter from Groote Schuur Hospital 
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Appendix 5: Informed consent form 
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